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UNIVERSAL METHOD AND APPARATUS 
FOR CONTROLLING A FUNCTIONAL TEST 

SYSTEM 

This patent application claims priority and bene?t under 
35 U.S.C. 119 (e) to US. Provisional Application No. 
60/225,818 ?led on Aug. 16, 2000. 

COPYRIGHT NOTICE 

Contained herein is material that is subject to copyright 
protection. The copyright oWner has no objection to the 
facsimile reproduction of the patent disclosure by any per 
son as it appears in the Patent and Trademark Of?ce patent 
?les or records, but otherWise reserves all rights to the 
copyright Whatsoever. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates generally to a system and method 
for testing manufactured units such as circuit boards. More 
speci?cally, the invention relates to a universal host con 
troller and a unique system and method for accessing and 
utiliZing softWare servers to perform the testing of manu 
factured units or circuit boards. 

2. Background Information 
An interesting trade-off has developed in certain areas of 

softWare application development. TWo qualities that are 
desired in the development of most softWare applications, 
universality and changeability, are often at con?ict. 

Universality refers to development of applications that are 
portable to different softWare platforms, languages, and 
hardWare and that may be operated on distributed netWorks 
using softWare that has already been developed by other 
softWare developers. Java, ActiveX, and Component Object 
Modeling (COM) are exemplary development tools that may 
be used to make applications more universal. 

Universality may be better understood through a more 
detailed discussion of COM. COM has been developed to 
specify hoW objects interact and communicate Within a 
single application, a distributed application or betWeen 
applications (e.g., client/server applications) by de?ning a 
set of standard interfaces. Object interfaces are groupings of 
semantically related functions through Which a client appli 
cation and utiliZes the services of a server application. COM 
is a binary, netWork standard that alloWs softWare compo 
nents to communicate With each other regardless of What 
machine they are running on, What operating system the 
machines are running (provided that it supports COM), and 
What language the components are Written in (e.g., C, C++, 
Small Talk®, Ada, and Basic) provided they are capable of 
calling functions using pointers. COM further provides 
location transparency, meaning that softWare components 
may be Written Without knoWledge of Whether the other 
components are in-process DLLs, local EXEs, or located on 
another machine. Thus, COM has several desirable universal 
qualities. Further background information on COM is 
Widely available, including the folloWing references: (1) 
Beginning ATL COM Programming, Grimes, Stockton, 
Templeman and Reilly, WroX Press, 1998 (ISBN 1-871000 
11-1), and (2) Beginning Visual C++5, Chapter 22, Ivor 
Horton, WroX Press, 1997 1(ISBN 1-871000-08-1). 

Paramount to COM is that a client does not need to knoW 
the internal Workings of a published COM server 
(encapsulation) and that a COM server must alWays main 
tain complete backWard compatibility to all eXisting client 
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2 
code. Astrictly obeyed rule that once a COM object has been 
published (made available to the public) neither the 
functionality, unique identi?ers, or interface of that COM 
object may be changed. OtherWise clients that Were devel 
oped based on a reliance on the initial COM server Would 

either not be operable (i.e., the applications may crash) or 
they Would need recompilation every time one of the COM 
servers they access is changed. This Would compromise 
much of the universality that COM provides. Accordingly, in 
COM neW functionality has alWays been added by creating 
a neW interface and unique identi?er that is associated With 
the neW functionality. This neW functionality is not available 
to clients Without modifying or recompiling the application. 
That is, universality is obtained at the eXpense of change 
ability. 

SoftWare should also be changeable, so that it may be 
adapted to changes in the real World or be improved. 
Accordingly, a softWare architecture that alloWs softWare or 
softWare objects to be changed easily and Without recom 
pilation is desirable. 

Polymorphism is a Widely used mechanism for imple 
menting changeability in an object-oriented environment, 
hoWever in COM the concept of an interface signi?cantly 
limits polymorphism. Polymorphism alloWs an object to 
produce different results depending upon the type of object 
that invokes the object. For eXample, considering the base 
class shape, a polymorphic method for calculating area Will 
produce different results if a circle and a square call the 
method. 

COM provides containment and aggregation for achiev 
ing a limited form of polymorphism. One problem With both 
containment and aggregation is that objects and applications 
do not knoW hoW to interoperate With the neW functionality 
provided through containment or aggregation. For eXample, 
the objects and applications may not knoW the Universally 
Unique Identi?ers (UUIDs) associated With the neW func 
tionality. The UUIDs provide an unambiguous Way to inter 
operate With a COM items or functionality Without the 
possibility of name clashes betWeen other items created by 
different people around the World. To interoperate, the object 
or application must knoW the eXact path to import the 
interfaces from the COM items associated With the neW 
functionality. Thus, changeability is signi?cantly restricted. 

Thus, prior art approaches for obtaining more universal 
softWare, such as COM, are based on creating an 
encapsulated, unchanging functionality that is accessed 
through an unchanging interface. This approach limits the 
Way that softWare may be changed to be adapted to the real 
World and to be improved. Accordingly When COM is used 
for softWare application development, some of the advan 
tages of changeability are sacri?ced to gain universality. 
Similar limitations are eXpected in other softWare environ 
ments Where universality is achieved by encapsulating func 
tionality and interoperating through an interface or standard. 

DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The present invention 
is illustrated by Way of eXample, and not by Way of 
limitation, in the ?gures of the accompanying draWings and 
in Which like reference numerals refer to similar elements. 
The invention itself, hoWever, as Well as a preferred mode of 
use, Will best be understood by reference to the folloWing 
detailed description of an illustrative embodiment When read 
in conjunction With the accompanying draWings: 
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FIG. 1a shows prior art containment in COM. 

FIG. 1b shows prior art aggregation in COM. 
FIG. 2a shoWs a prior art approach for achieving poly 

morphism through containment in COM. 
FIG. 2b shoWs a prior art approach for achieving poly 

morphism through aggregation in COM. 
FIG. 3 is a block diagram shoWing the context of use of 

one embodiment of the present invention in the ?eld of 
circuit board testing. 

FIGS. 4a and b conceptually shoW the invention accord 
ing to one embodiment. 

FIGS. 5a and b is a block diagram shoWing a method for 
obtaining a result based on a different functionality associ 
ated With a derived server according to one embodiment. 

FIG. 6 is a block diagram of a computer system upon 
Which one embodiment of the present invention may be 
implemented. 

FIG. 7 is a block diagram shoWing a method for testing 
circuit boards according to one embodiment. 

FIG. 8 is an exemplary circuit board test system hardWare 
con?guration according to one embodiment. 

DESCRIPTION OF THE INVENTION 

It is desirable to have a softWare environment and archi 
tecture that alloWs universality (e.g., portable to any soft 
Ware platform and that is operable on any hardWare, includ 
ing instrumentation and equipment made by different 
vendors) and also changeability (e.g., that may adapt to 
changes in the real World). These goals are not available 
together in prior art softWare environments and architec 
tures. A softWare environment and architecture that alloWs 
this combination is desirable in general, and in Would be of 
particular use in an environment subjected to routine 
procedural, equipment, and other changes, such as the 
testing of circuit boards. 

Broadly stated, embodiments of the present invention 
seek to provide both universality and changeability in a 
COM-based softWare architecture or the like by alloWing a 
client to interoperate With and obtain a result from a server 
that has a neW or modi?ed functionality, based on an 

existing relationship betWeen the client and a different server 
having an existing and different functionality. For example, 
in one embodiment, polymorphism is obtained in a COM 
based softWare architecture for testing circuit boards by 
alloWing an application that controls the testing to interop 
erate With and obtain a result from a derived server having 
a ?rst functionality, based on an existing communication 
relationship that involves a COM interface and set of UUIDs 
that alloW the application to interoperate With a base server 
having a second functionality. Broadly stated, in certain 
embodiments certain information associated With the rela 
tionship betWeen a client and a ?rst server, such as one or 
more unique identi?ers associated With an interface, may be 
copied or shared With a second server to alloW the second 
server to also communicate and interoperate With the client. 

In the folloWing description, for the purpose of 
explanation, numerous speci?c details are set forth in order 
to provide a thorough understanding of the present inven 
tion. It Will be apparent, hoWever, to one skilled in the art 
that the present invention may be practiced Without some of 
these speci?c details. In other instances, Well-knoWn struc 
tures and devices are shoWn in block diagram form. 

The present invention includes various steps, Which Will 
be described beloW. The steps of the present invention may 
be performed by hardWare components or may be embodied 
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4 
in machine-executable instructions, Which may be used to 
cause a general-purpose or special-purpose processor or 
logic circuits programmed With the instructions to perform 
the steps. Alternatively, the steps may be performed by a 
combination of hardWare and softWare. 
The present invention may be provided as a computer 

program product that may include a machine-readable 
medium having stored thereon instructions that may be used 
to program a computer (or other electronic devices) to 
perform a process according to the present invention. The 
machine-readable medium may include, but is not limited to, 
?oppy diskettes, optical disks, CD-ROMs, and magneto 
optical disks, ROMs, RAMs, EPROMs, EEPROMs, magnet 
or optical cards, ?ash memory, or other type of media/ 
machine-readable medium suitable for storing electronic 
instructions. Moreover, the present invention may also be 
doWnloaded as a computer program product, Wherein the 
program may be transferred from a remote computer to a 
requesting computer by Way of data signals embodied in a 
carrier Wave or other propagation medium via a communi 
cation link (e.g., a modem or netWork connection). 
Terminology 

Before providing a detailed explanation of the present 
invention and various exemplary embodiments of the 
present invention, some terms that Will be used throughout 
this application Will brie?y be de?ned. 

Aggregation: In COM, a construct involving an inner 
COM component integral With an outer COM component, 
Where an interface of the inner COM component is exposed 
to objects outside of the outer COM component. Aggrega 
tion is a prior art approach for achieving a limited degree of 
polymorphism in COM. 

Base Server: A type of server that has an existing asso 
ciation With a client. In one embodiment, the existing 
association includes one or more unique identi?ers associ 
ated With the base server. 

Changeability: A desirable characteristic for softWare that 
makes it able to adapt to changes in the real World or to be 
improved or modi?ed. In one embodiment, changeability 
may apply to a client that is able to access neW or changed 
functionality provided by a server. 

Circuit Board: A manufactured circuit product. In one 
embodiment, the circuit board is a printed circuit board. In 
another embodiment the circuit board may be a processor 
system board. 

Client: An application, application server, server, COM 
server, or hardWare component that requests processing 
from a server. 

COM: A speci?cation and a set of services that alloWs a 
programmer to create modular, object-oriented, customiZ 
able and upgradeable, distributed applications using a num 
ber of languages. 
COM Server: A server in a COM environment that 

contains one or more interfaces for interoperation With one 
or more other applications, objects, COM components, or 
COM servers. In one embodiment, a COM server may be 
compiled code distributed as either DLLs or EXEs. A COM 
server has an interface, typically a table of function pointers, 
to expose particular functionality associated With the COM 
server to one or more clients. In one embodiment, a COM 

server may be partially inconsistent With the COM 
speci?cations, such as When a derived COM server is 
modi?ed to include a UUID associated With a base COM 
server. 

Containment: A COM construct involving an inner COM 
component that is contained Within an outer COM compo 
nent. The outer COM component having an interface that 
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corresponds to an interface associated With the inner COM 
component. Containment is a prior art approach for achiev 
ing a limited degree of polymorphism in COM. 

Derived Server: A type of server that has or Will be given 
an association With a client based upon an existing associa 
tion betWeen a client and a base server. In one embodiment, 
association Will be based on one or more unique identi?ers 
that alloW the base server to interoperate With the client. 

Functionality: One or more calculations, operations, or 
instructions that may be performed by softWare, such as 
applications, objects, and COM servers. In one embodiment, 
functionality includes methods accessible through a COM 
server’s interface. 

Host Controller (also universal host controller): SoftWare 
used in the testing of units. In one embodiment, the host 
controller may manage and control various operations 
involved in the functional testing of circuit boards or micro 
processor circuitry. 
IDL (Interface De?nition Language): A language used to 

de?ne an interface in COM. The language includes attributes 
added to the code in square brackets. 
IDL ?le: A ?le Written in or associated With the Interface 

De?nition Language. In one embodiment, an IDL ?le is a 
?le associated With COM objects. An IDL ?le may be edited 
to achieve certain features of the present invention. 

Interface: An interface may be used When a client inter 
operates With a server. In one embodiment the interface 
includes functions or methods that alloW a client to and 
utiliZe a server. In one embodiment, an interface is a COM 
interface through Which a client may access functionality 
associated With a COM server. 

Interface Pointer: A pointer to a function associated With 
an interface. In one embodiment, the interface pointer may 
point to a table or list of functions, such as a vtable in C++. 

Interoperate: Communication and processing activities 
occurring betWeen a client and a server. In one embodiment, 
a client accesses and utiliZes the services of a COM server 
and obtains a result based on the functionality associated 
With the COM server. 

Polymorphism: The capability to process objects differ 
ently depending on their data type or class. 

Server: SoftWare that provides functionality to a client. In 
one embodiment, a server may be a COM server. 

Testing: Testing a unit. In one embodiment, testing 
involves functional testing of circuit boards. For example, 
When testing RAM, opens, stucks, shorts, bad memory cells, 
and incorrect addressing may be detected. Other exemplary 
testing of circuit boards may include, testing for CPU 
signals, ROM CRC, bus, RAM bus, short RAM, long RAM, 
RAM parity, DRAM refresh, R/W memory, dump memory, 
?ll and check memory, R/W import/output, I/O bus. 

Unique Identi?er: Any unique and unambiguous identi 
?cation for softWare, such as a server. In one embodiment 
the unique identi?er may be a large, statistically unique 
computer-generated n-bit number. The unique identi?er may 
include information associated With the generating 
computer, such as a netWork address or Ethernet card and 
may include information associated With a time the unique 
identi?er generated. The unique identi?er may be compat 
ible With the system registry, so that the unique identi?er can 
be stored in the system registry. In another embodiment a 
unique identi?er may be a UUID, GUID, or CLSID. Soft 
Ware such as the GUID generator Guidgen.exe may be used 
to generate the unique identi?ers. In one embodiment the 
unique identi?er is associated With COM. For example, an 
IDL ?le in COM may have at least three unique identi?ers, 
including an object UUID to identify the interface for the 
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6 
COM server, a TypeLibrary UUID, and a CLSID to identify 
an interface as a particular class or object. Unique identi?ers 
of the same or a different nature may also be used to 
represent manufactured units and circuit boards, in addition 
to softWare. For example, a unique identi?er may be a 
barcode, alphanumeric characters and symbols, or other 
means for identifying a unit or circuit board. 

Unit: A manufactured product or other item that may be 
tested by the system and method of this application. In one 
embodiment, a unit may be a circuit board. 

Unit Type: A type of a unit. In one embodiment, a unit 
type may be an Intel Pentium® III processor board. A unit 
type may be used to link a unit to be tested With a server or 
COM server to be used in testing the unit. 

Unit Under Test (UUT): Aunit located in a test ?xture and 
either in a state of readiness to be tested, being tested, or in 
a state of readiness for removal from the test ?xture. 

Universality: A desirable characteristic for softWare that 
makes it compatible With other softWare and hardWare. In 
one embodiment, universality may apply to a universal host 
controller and may include characteristics to that alloW the 
host controller to interoperate With a test suite, control any 
test system hardWare, and communicate With any factory 
database system. 
Containment and Aggregation 
A COM system 140 exhibiting containment is illustrated 

conceptually in FIG. 1a. As shoWn, inner component 100 
includes a standard IUnknoWn interface 105 and an inner 
interface 110, both of Which may alloW access to particular 
functionality associated With inner component 100. 
Typically, interfaces and other COM items have Universally 
Unique Identi?ers (UUIDs) that provide a unique Way of 
referring to the item Without the possibility of name clashes 
betWeen other items created by different people around the 
World. For example, the standard IUnknoWn 115 interface, 
Which exists in all COM servers by requirement of COM, 
may have the UUID 00000000-0000-0000-C000 
000000000046. These UUIDs associated With interfaces and 
other COM items are necessary for unambiguous commu 
nication and interoperation betWeen COM components. An 
external IInner interface 115 has also been added to the outer 
component 120 so that the particular functionality of the 
inner component 200 associated With IInner 110 is interop 
erable With and may be extended to components and appli 
cations external to COM system 140. The distinguishing 
feature of containment is that both the inner component 100 
and its standard IUnknoWn 105 and IInner 110 interfaces are 
completely contained Within the outer component 120. The 
outer component 120 also includes standard IUnknoWn 
interface 125 and IOuter interface 130 Which both alloW 
functionality associated With the outer component 220 to be 
interoperable With and extensible to components and appli 
cations external to the outer component 120. In certain 
situations, the functionality of the inner component 100 is 
initiated and released by the outer component 120, Which 
acts like a client to the inner component 100. 
A COM system 190 exhibiting aggregation is illustrated 

conceptually in FIG. 1b. The distinguishing feature of aggre 
gation is that the inner component is integral Within an outer 
component 165, but With the inner interface 160 exposed 
external to the outer component 165. Accordingly, an asso 
ciated external interface on the outside component 165 is not 
required to enable inner component 150 to interoperate With 
objects and applications external to COM system 190. 

Frequently, existing COM servers such as the COM 
servers shoWn in the contained COM system 140 or the 
aggregated COM system 190 of FIGS. 1a—b Will need to be 
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modi?ed in order to encompass neW or improved function 
ality. COM typically requires that a neW interface be pro 
vided to access and utilize any neW or changed functionality. 
Increasing the functionality of an existing COM server by 
containment and aggregation Will be discussed brie?y 
beloW. 

FIG. 2a shoWs a COM system 255 exhibiting containment 
that is similar to the COM system 140 shoWn in FIG. 1a, 
With the notable exception that a neW inner component 200 
has been added to the system 255 to introduce a neW 
functionality. The neW inner component 200 includes a 
standard IUnknoWn interface 205 and a neW IInnerneW 
interface 210, both of Which may alloW access to neW 
functionality associated With neW inner component 200. A 
neW external IInnerneW interface 215 has also been added to 
the outer component 220. FIG. 2b shoWs the analogous neW 
functionality added to a COM system 296 exhibiting con 
tainment that is similar to the COM system 190 shoWn in 
FIG. 1b. Again, in order to obtain interoperation betWeen 
objects and applications external to COM system 296 and 
neW inner component 260, certain information about 260 
must be available to the external objects and applications. 
Exemplary Use of The Invention: Testing of Circuit Boards 

FIG. 3 is a block diagram shoWing an exemplary context 
of use of certain embodiments of the present invention. FIG. 
3 relates to the testing of circuit boards. Block 300 shoWs an 
existing client that controls circuit testing and that interop 
erates With one or more base COM servers through one or 

more interfaces. In this embodiment the base COM server 
has a ?rst functionality that includes the minimum necessary 
functionality for COM (e.g., the IUnknoWn interface) and 
functionality associated With the testing of a ?rst type of 
circuit board. HoWever, in some embodiments, the base 
COM server may have only the minimum necessary func 
tionality. 
At block 310 the client is initiated. By Way of example, 

the client may access and use the base COM server to test 
one or more circuit boards of a ?rst type. The client may also 
access additional COM servers, other softWare applications, 
and may perform operations inherent to the client. 
At block 320 the client determines Whether it needs a 

second functionality that is not associated With the base 
COM server. For example, the client may complete the 
testing of a circuit boards of the ?rst type and determine that 
the next circuit board to be tested is of a second type. This 
determination may be made by using a barcode scanner to 
scan a barcode on the circuit board, folloWed by determining 
that the base COM server is not suitable for testing the 
circuit board type corresponding to the barcode. A neW test 
that is operable to perform different tests, cause different 
currents, voltages, or poWer to be applied, may be needed. 
In some embodiments, the client may contain conditional 
statements to select a neW, derived COM server. 

In one embodiment, the client may not be operable to 
obtain a result based on the second functionality by inter 
operating With the derived COM server. One possible reason 
is that the client may not have information, such as one or 
more UUIDs, for interoperation With the derived COM 
server. In one embodiment, the client may be created to 
interact With the base COM server, With the intention of 
using a system and method for making derived COM servers 
that may be transparently changed and substituted for the 
base COM server according to the system and method of 
certain embodiments of the present invention. 
Advantageously, this Will alloW the client to access and 
utiliZe derived COM servers that may be created after the 
client Was Written and last compiled. 
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8 
At block 330 the client determines one or more derived 

COM servers that are associated With the second function 
ality. In one embodiment, the client may use information 
contained in the barcode on the circuit board to look up the 
applicable derived COM server in a database or table, such 
as a factory database. 
At block 340, a system and method are applied to enable 

the client to interoperate With a derived COM server having 
the second functionality. For example, information such as 
one or more UUIDs that alloW the client to interoperate the 
base server may be used to alloW the client to interoperate 
With the derived server. In one embodiment the derived 
COM server may be changed and substituted for the base 
COM server so that it may interoperate With the client. 
At block 350, the client accesses the derived COM server 

and obtains a result based upon the second functionality. For 
example, the client may access the second functionality 
associated With the derived COM server and test the circuit 
board of the second type. 

The invention is not limited to the exemplary use 
described above or to the testing of circuit boards. Rather, in 
certain embodiments the system and method may be used to 
access and utiliZe different functionality in a general 
purpose application (e.g., Word processor, spreadsheet, or 
database application), an application distributed over an 
Intranet or the Internet, or another softWare application. The 
invention is also not limited by the Way a client determines 
that a second functionality is needed or determines a derived 
COM server to provide the functionality. For example, data 
may be entered by a user through a keyboard, through a 
mouse selection of a pull-doWn menu, through a credit-card 
reading device, or through any other data entry devices. The 
client may also use any method to determine the correspond 
ing derived COM server based upon a needed functionality. 
These are implementation details that do not limit the scope 
of certain embodiments of the invention. 
System and Method for AlloWing a Client to Interoperate 
With a Server Having a Different Functionality 

FIGS. 4a and 4b conceptually shoW the invention accord 
ing to one embodiment. FIG. 4a shoWs a computer system 
400 containing tWo directories, C:\Application 420 and 
C:\COMServers 435, and a registry 415. The directory 
C:\Application 420 includes softWare application 405 that 
interoperates With COM server COM1 410 through an 
interface associated With COM1 410. The COM server 
COM1 410 has attributes including name1, functionalityl, 
the unique identi?ers UUIDlA and UUIDlB. These unique 
identi?ers have been registered in registry 415 associated 
With computer system 400. Also included in computer 
system 400 is the C:\COMServers 435. C:\COMServers 435 
includes a plurality of COM servers including COM2 425 
and COMn 430. COM2 425 has attributes name2, 
functionality2, UUID2A, and UUID2B, and COMn 430 has 
attributes Namen, functionalityn, UUIDnA, and UUIDnB. 

FIG. 4b shoWs computer system 400 after a system and 
method 440, according to one embodiment of the invention, 
for alloWing application 405 to interoperate With COM2 460 
and obtain a result based upon functionality2. As shoWn in 
FIG. 4b, the system and method 440 includes making a name 
of COM2 460 identical to the name of COM1 410 (i.e., 
identical to namel). The system and method 440 also 
includes making unique identi?ers of COM2 460 identical to 
the unique identi?ers of COM1 410 (i.e., identical to 
UUIDlA and UUIDlB). UUIDlA and UUIDlB are regis 
tered in registry 415. Accordingly, When application 405 
seeks to interoperate With COM1 it Will access the unique 
identi?ers UUIDlA and UUIDlB from the registry 415 and 
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use the unique identi?ers to interoperate With COM2 460 
and obtain a result based on functionality2. 

The method is generally characterized by but not limited 
to the following blocks shoWn in FIG. 5. At block 500 a base 
server is created or provided. The base server has one or 
more interfaces to alloW the server to interoperate With one 
or more clients. In one embodiment, the base server is a base 
COM server and the interface is either the standard COM 
interface (i.e., IUnknoWn) or a customiZed interface that 
may be used to access a particular functionality associated 
With the base COM server. 

In one embodiment the base server contains generic 
functions, properties and methods that alloW interoperation 
With the client, such as the IUnknoWn interface. The base 
server may have only the minimum or necessary function 
ality or may have functionality that alloWs the client to 
perform speci?c tasks or calculations. For example, in the 
?eld of circuit board testing, the base server may have 
functionality to test Zero, one, or more types of circuit board. 
In one embodiment the base server may have functionality 
corresponding to default or commonly used functionality 
needed by a client, such as for testing a common circuit 
board. 

At block 505 properties and methods may be created that 
correspond to one or more of the interfaces of the base 
server, in addition to any required properties and methods 
(e.g., such as to enable the IUnknoWn interface in COM). 
Typically, methods are functions that clients may interoper 
ate With via the interface and properties are data items that 
may be manipulated. In one embodiment, properties and 
methods are created in the base COM server that Will be 
needed to access and utilize functionality in derived servers, 
Which Will be created to obtain results based upon a par 
ticular functionality. As discussed above, in the base server 
these methods and properties may be primarily placeholders, 
or may contain useful functionality. In one embodiment, 
COM and the Active Template Library (ATL), Which facili 
tates the development of COM servers, may be used. 
At block 510 a derived server is created (e.g., coded) or 

provided. Typically the derived COM server is created With 
the intention to extend the functionality available to the 
client, by adding functionality not provided by the base 
server. Accordingly, in some embodiments, additional func 
tionality may be added to the derived server by adding one 
or more properties, methods, interfaces, or other items. In 
one embodiment, the derived server may be a derived COM 
server, and like the base COM server, the derived COM 
server may be created using ATL or another means. In some 
embodiments, the derived server may have a different name 
than the base server, While in other embodiments the names 
may be the same. In one embodiment, the base server may 
be ?rst replicated to form a replicate, folloWed by modifying 
the replicate of the base server to generate the derived server. 
Advantageously, in this manner there is less opportunity for 
error. 

At block 515 an interface is created in the derived server. 
In one embodiment, the interface Will be a COM interface, 
either the IUnknoWn interface of COM or a customiZed 
interface. In one embodiment, the interface Will be associ 
ated With an IDL ?le. The interface may have the same name 
as an interface in the base COM server, hoWever the 
interface may be created With a different name that may be 
subsequently changed to the name used in the base COM 
server at the time of replacement of the base COM server 
With the derived COM server as described further beloW. 

At block 520 properties and methods associated With the 
base server are added (e.g., coded) to the derived server. In 
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one embodiment, the properties and methods listed in an 
IDL ?le of the base COM server are added to an IDL ?le of 
the derived server. In one embodiment, all of the properties 
and methods in the IDL ?le of the base COM server are 
added to the IDL ?le of the derived COM server. In one 
embodiment, properties and methods in h-extension and 
.cpp-extension ?les of the base COM server are added to the 
h-extension and .cpp-extension ?les of the derived COM 
server. 

At block 525, functionality for one or more methods 
associated With the derived server is made different than the 
functionality of the corresponding one or more methods 
associated With the base server. In one embodiment, code is 
added to a generic method associated With the base server 
that has been added to the derived server, the code being 
added to impart a particular functionality to the derived 
server. In one embodiment, speci?c code is added to the 
derived COM server for each function listed in the IDL ?le 
of the derived COM server. In the circuit board testing 
example, speci?c code may be added to the derived server 
to permit testing of a particular circuit board. 
At block 530, a unique identi?er associated With the 

derived server’s interface is made identical to a unique 
identi?er associated With the base server’s interface. In one 
embodiment, the base and derived servers are COM servers, 
the unique identi?ers are UUIDs, and the IDL ?le of the 
derived COM server is edited to make the UUID of the 
interface and the UUID of the class identical to the UUID of 
the interface and the UUID of the class of the base COM 
server. Typically, a third UUID in COM, the UUID for the 
typelibrary, need not be edited to make it the same in the 
base and derived COM servers. 
At block 535, property and method identi?cations of the 

derived server are made identical to property and method 
identi?cations of the base server. In one embodiment, the 
base and derived servers are COM servers and the IDL ?le 
of the derived COM server is edited to make the property 
and method identi?cations match. 
At block 540 the base server executable is placed in a 

directory that is accessible to the client. In one embodiment, 
the directory is a directory Where the client Will look to 
initiate the base server. The directory may be located on the 
same computer, or on another computer system connected to 
the computer containing the client by either an Intranet, 
Ethernet, or the Internet. That is, the directory may be 
functionally connected to other memory locations residing 
on the computer system, Intranet or Internet. 
At block 545 the base server is registered as residing in 

this directory. In one embodiment, one or more unique 
identi?ers associated With the base server are registered in 
this directory so that When clients attempt to access and 
utiliZe functionality associated With the base server, the 
functionality may be located via the registry. The registry 
may be a table or database and may be associated With the 
operating system of the computer system, such as the 
WindoWs registry, or may conceivably be associated With a 
Web broWser in a true distributed application. In one 
embodiment, the base server is a base COM server, the 
registering is done using the /RegServer command, and the 
one or more unique identi?ers are one or more UUIDs 

associated With the base COM server. 
At block 550 the derived server is placed in a directory 

that is accessible to the client. In one embodiment, the 
directory is a directory containing other derived servers that 
the client accesses to ?nd a particular derived server to 
obtain a knoWn and needed functionality. In one 
embodiment, the directory may be located on the same 
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computer system or even in the same directory as the base 
server. When the base and derived servers are located in the 
same directory they Will typically require different names. In 
another embodiment the derived server may be placed in a 
directory connected to the client by an Intranet, an Ethernet, 
or the Internet. 

In certain embodiments the derived server may not be 
accessible to the client, although this may be less ef?cient. 
For example, other softWare may be used to access the 
derived server, or alternatively, the derived server may be 
manually accessed (e.g., by saving to a diskette and loading 
on the computer system of the client). 
At block 555 the base server is replaced With the derived 

server. For example, the derived server may be copied or 
moved from its directory location to the directory containing 
the base server and the name of the derived server is changed 
to the name of the base server thereby overWriting the base 
server With the derived server. The base server may be 
deleted before or after the derived server is copied. In some 
embodiments, particularly When the derived server initially 
has the same name as the base server, the name change may 
not be required, and only the copying or moving may be 
sufficient. In other embodiments, particularly When the base 
COM server and the derived COM server are initially 
located in the same directory, only the name change may be 
needed. In certain embodiments and advantageously so, the 
replacement of the base server With the derived server may 
be done Without altering or recompiling the client. 

At block 560 the client obtains a result based on func 
tionality associated With the derived server. This is possible 
because the client contains information that alloWs it to 
interoperate With the base server, and a unique system and 
method have been used to alloW the client to interoperate 
With the derived server. For example, the client may obtain 
a result based upon a derived COM server and the result may 
be associated With the testing of a particular type of circuit 
board. Advantageously, in this manner runtime polymor 
phism is achieved by substituting the derived server for the 
base server Without the need for recompilation and Without 
the limitations associated With aggregation and containment. 
Exemplary Variations of the System and Method 
Many alterations of the above method are contemplated 

that do not deviate from the true scope of the present 
invention. Exemplary alterations that are contemplated by 
certain embodiments of the invention are discussed beloW, 
and Would be apparent to one of ordinary skill in the art. 

Different ordering of the blocks may be used. For 
example, the base server may be placed to its directory (i.e., 
block 540) and registered in that directory (i.e., block 545) 
before a derived server is created or provided (i.e., block 
510). One or more blocks may also be added or eliminated. 
For example, the derived server may not need to be renamed 
if the initial name of the derived server is the same as the 
name of the base server, and the name of the derived server 
is not subsequently changed. 

The blocks may be executed at different times. In one 
embodiment, one or more of the base and derived servers, 
interfaces, properties, methods, and one or more of the 
blocks discussed above may be created or performed days, 
Weeks, months, or years before certain of the blocks dis 
cussed above are performed. In one embodiment, many of 
the blocks are performed ahead of time, so that relatively 
feW blocks need to be performed at runtime, Which may 
alloW the client to quickly access the functionality of the 
derived server. 

The blocks may also be executed by different implement 
ers and at different locations. In one embodiment, a software 
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12 
developer may develop one or more of the base and derived 
servers, and interfaces, and perform Zero one or more of the 
blocks, before providing them to a softWare user. In one 
embodiment, the softWare developer may provide the 
derived server With or Without the different functionality 
discussed at block 525. In one embodiment, base or derived 
servers or modi?ed base or derived COM servers may be 
doWnloaded from an Intranet or the Internet, or otherWise 
distributed on a computer-readable medium or carrier Wave. 
One or more of the blocks may also be executed auto 

matically by softWare. For example, softWare may be devel 
oped to copy the derived server to the directory containing 
the base server. Block 525 typically Would not be automated, 
but may be for certain functionalities and servers. 

The invention is not limited to a single client, single base 
server and a single derived server, since the invention is 
equally applicable to different and more complicated soft 
Ware architectures exhibiting nesting, containment, 
aggregation, and other architectural constructs available in 
object-oriented or other environments. In one embodiment, 
a client is interoperable With a plurality of base servers by 
one or more of nesting, inheritance, containment and aggre 
gation. For example, the client interoperate With a base 
server, and the base server may be associated With one or 
more inner servers by containment or aggregation. Then, a 
different functionality may be obtained by a system and 
method of the present invention for replacing an inner server 
With a derived server. In certain embodiments a base server 
may be replaced, by a system and method consistent With the 
present invention, With a plurality of derived servers, or vice 
versa. Accordingly, although a simple softWare architecture 
Was used to demonstrate and discuss the invention, the 
invention is not so limited and may easily be adapted by one 
of ordinary skill in the art to any of the object-oriented or 
other architectural construct. 
Implementation in Non-COM Environments 

Certain embodiment of the invention are not based on 
COM. Those of ordinary skill in the art Will recogniZe that 
the invention is equally applicable to Common Object 
Request Broker Architecture (CORBA), Which is also based 
on the Interface De?nition Language (IDL), IIOP, or other 
softWare environments including non-WindoWs based envi 
ronments and platforms. For example, the concepts of 
certain embodiments of the invention may be easily 
extended to Macintosh, Solaris, Unix, or other platforms. 
By Way of example, CORBA may be used in certain 

embodiments of the invention in place of COM or DCOM. 
CORBA is a standard for communicating betWeen distrib 
uted objects and a softWare-based communications interface 
through Which objects are located and accessed. CORBA 
alloWs objects Written in different programming languages 
running on different platforms to be executed irrespective of 
their location on a netWork. Accordingly, clients requesting 
processing on one computer may use CORBA to request 
processing on another computer. CORBA objects are 
de?ned by the Interface De?nition Language (IDL). 
Accordingly, CORBA has many similarities With COM, as 
both are based on the idea of encapsulation and exposure of 
an interface. Those of ordinary skill in the art Will recogniZe 
that certain embodiments of the invention may be equally 
applicable to CORBA or other analogous standards. 
Exemplary Computer Architecture 
As discussed herein, a “system” may be an apparatus 

including hardWare and/or softWare for processing data. The 
system may include, but is not limited to, a computer (e.g., 
portable, laptop, desktop, server, mainframe, etc.), hard copy 
equipment (e.g., printer, plotter, fax machine, etc.), banking 
equipment (e.g., an automated teller machine), and the like. 
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A computer system 600 representing an exemplary 
Workstation, host, or server in Which features of the present 
invention may be implemented Will noW be described With 
reference to FIG. 6. Computer system 600 represents one 
possible computer system for implementing embodiments of 
the present invention, hoWever other computer systems and 
variations of computer system 600 are also possible. Com 
puter system 600 comprises a bus or other communication 
means 601 for communicating information, and a processing 
means such as processor 602 coupled With bus 601 for 
processing information. Computer system 600 further com 
prises a random access memory (RAM) or other dynamic 
storage device 604 (referred to as main memory), coupled to 
bus 601 for storing information and instructions to be 
executed by processor 602. Main memory 604 also may be 
used for storing temporary variables or other intermediate 
information during execution of instructions by processor 
602. Computer system 600 also comprises a read only 
memory (ROM) and/or other static storage device 606 
coupled to bus 601 for storing static information and instruc 
tions for processor 602. 
Adata storage device 607 such as a magnetic disk, Zip, or 

optical disc and its corresponding drive may also be coupled 
to computer system 600 for storing information and instruc 
tions. For example, applications and servers may be loaded 
onto computer system 600 by inserting a computer-readable 
medium into mass storage device 607. Computer system 600 
may also be coupled via bus 601 to a data output device 621. 
The data output device 621 Will typically be a printer or a 
display device, such as a cathode ray tube (CRT) or Liquid 
Crystal Display (LCD), for displaying information to an end 
user. For example, the data output device 621 may be a CRT 
for facilitating With information input and output from a 
computer user Who is developing clients or servers, or Who 
is using softWare for its intended purpose. Typically, a data 
input device 622, such as an alphanumeric input device or 
keyboard, including alphanumeric and other keys, may be 
coupled to bus 601 for communicating information and/or 
command selections to processor 602. Another type of user 
input device is cursor control 623, such as a mouse, a 
trackball, or cursor direction keys for communicating direc 
tion information and command selections to processor 602 
and for controlling cursor movement on a display device. 
The data input device may also be a barcode scanner. 
Acommunication device 625 is also coupled to bus 601. 

Depending upon the particular implementation, the commu 
nication device 625 may include a modem, a netWork 
interface card, or other Well-knoWn interface devices, such 
as those used for coupling to Ethernet, token ring, or other 
types of physical attachment for purposes of providing a 
communication link to support a local or Wide area netWork, 
for example. In any event, in this manner, the computer 
system 600 may be coupled to a number of clients and/or 
servers via a conventional netWork infrastructure, such as a 
company’s Intranet and/or the Internet, for example. Com 
munication device 625 may alloW softWare, such as servers 
With neW or different functionality to be accessed from a 
remote location and doWnloaded for storage or use on 
computer system 600. 
Testing of Circuit Boards 

Prior art softWare applications for controlling the testing 
of circuit boards have typically required extensive customi 
Zation to the speci?c hardWare and softWare environment of 
a manufacturing or testing facility, and have required fre 
quent modi?cation. Several reasons for the extensive cus 
tomiZation is that the applications have been used in envi 
ronments With different factory database systems (e.g., 
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InFix, Microsoft SQL, etc.), different softWare platforms 
(e.g., WindoWs, Macintosh), different instrumentation and 
testing equipment, and have been used to test different types 
of circuit boards. Accordingly, applications that are more 
universal Would be desirable. The frequent modi?cation of 
these applications has typically been caused by the intro 
duction of neW types of circuit boards, neW tests, and 
hardWare (e.g., testing equipment) replacements and 
upgrades. Accordingly, applications exhibiting changeabil 
ity are also desired. 
COM may be used to make applications more universal, 

hoWever even With COM changeability is typically not 
provided. As an example, consider using COM to test circuit 
boards. A ?rst COM server or set of COM servers may be 
used in conjunction With testing Intel Pentium® Pro pro 
cessor boards, While another COM server or set of COM 
servers may be used in conjunction With testing Pentium® 
II processor boards. Accordingly the application may be 
compiled against these knoWn COM servers. HoWever, in 
the past When a neW Intel board product such as the Intel 
Pentium® III processor board, needs to be tested, either a 
neW COM server Would have to be created or neW func 
tionality Would have to be incorporated into an existing 
COM server. In any event, a neW interface Would be 
introduced and the application Would have to be recompiled 
to introduce this interface. 

Accordingly, the previously discussed system and method 
are highly applicable to clients knoWn as host controllers 
that are used to control the testing of circuit boards. Broadly 
stated, embodiments of the present invention seek to provide 
increased functionality to a host controller that is able to 
interoperate With a base server, by using a unique system and 
method in Which derived COM servers are changed and 
substituted for the base COM server, so that they may 
interoperate With the client, according to the system and 
method of certain embodiments of the present invention. In 
one embodiment, the system and method may involve 
making at least one unique identi?er associated With the 
derived server identical to at least one unique identi?er 
associated With the base server. In one embodiment, the base 
and derived servers are COM servers and the system and 
method may include making at least one UUID associated 
With the derived COM server identical to at least one UUID 
With the base COM server. Advantageously, certain embodi 
ments permit the client to access and utiliZe the functionality 
of the derived server at runtime Without recompilation 
against the functionality of the derived server, Which is a 
signi?cant improvement over the prior art. 
Method for Testing Circuit Boards According to One 
Embodiment 
A method for testing circuit boards is generally charac 

teriZed by but not limited to the folloWing blocks shoWn in 
FIG. 7. At block 700 a host controller for testing circuit 
boards is created or provided. The host controller may be 
Written in any number of computer languages. 

At block 710 a base server is created or provided. In one 
embodiment, the base server has an interface for interoper 
ating With the host controller. In one embodiment, the base 
server is a base COM server. 

At block 720 a derived server is created or provided. In 
one embodiment, the derived server may be created to alloW 
access and utiliZation of a neW functionality, such as func 
tionality to test a different circuit board. The derived server 
may not be initially able to interoperate With the host 
controller. For example, the host controller may not knoW 
one or more unique identi?ers that are needed to access and 

utiliZe functionality associated With the derived server. In 
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one embodiment, the derived server is a derived COM 
server, and the one or more unique identi?ers associated 
With the derived COM server are UUIDs. In some 

embodiments, the derived server may have a different name 
than the base server. 
At block 730 part of a system and method may be used 

pre-runtime to partly prepare the host controller to interop 
erate With the derived server. This may include performing 
any portion of the system and method previously discussed. 
In one embodiment, the base and derived servers are COM 
servers and the system and the partly preparing includes: (1) 
creating properties and methods in the base COM server that 
Will be needed to access and utiliZe different functionality in 
a derived COM server, (2) creating an interface in the 
derived COM server With the same name as an interface in 

the base COM server, (3) adding properties and methods 
listed in an IDL ?le of the base COM server to an IDL ?le 
of the derived COM server, (4) adding properties and 
methods in h-extension and .cpp-extension ?les of the base 
COM server to the h-extension and .cpp-extension ?les of 
the derived COM server, (5) adding code to a method 
associated With the derived COM server, the code being 
added to impart a particular functionality to the derived 
COM server, (6) editing the IDL ?le of the derived COM 
server to make the UUID of the interface and the UUID of 
the class identical to the UUID of the interface and the 
UUID of the class of the base COM server, (7) editing the 
IDL ?le of the derived COM server to make the property and 
method identi?cations match the property and method iden 
ti?cations of the base COM server, (8) placing the base 
COM server in a directory that is accessible to the host 
controller and Which is the directory the host controller Will 
use to initiate the base COM server, (9) registering the base 
COM server in this directory using the /RegServer 
command, and (10) placing the derived COM server in a 
directory that is accessible to the client and Which is the 
directory the host controller Will look to ?nd the derived 
COM server. 

At block 740 information is determined about the circuit 
board to be tested. In one embodiment, a test operator may 
manually enter this information. In another embodiment any 
other data input device, such as a barcode scanner, may be 
used to enter information about the circuit board to be tested. 
This information may include a serial number, barcode, 
unique identi?er, or other information that may be used to 
associate the circuit board With a particular test. 
At block 750 the unit is placed in a test ?xture. In one 

embodiment, the unit may be automatically placed in the test 
?xture. In other embodiments the unit may be placed in the 
test ?xture before the information is determined about the 
circuit board to be tested. For example, the test ?xture may 
include a barcode scanner operable to read a barcode When 
the unit is placed in the test ?xture. 
At block 760 the information is used to determine a 

derived server for testing the circuit board. In one 
embodiment, the information, such as a serial number, is 
used to look up a derived server, such as a derived COM 
server, in a table or database. In one embodiment, the circuit 
board type and the necessary test are looked up using the 
information in a factory database server. In one embodiment, 
it may be determined Whether the test system con?guration 
may test the current unit under test. For example, it may be 
determined if the circuit board or the needed test for the 
circuit board are different than the previously tested circuit 
board or test, in Which case a derived server for testing the 
circuit board may not need to be determined, since the 
system may already be able to test the circuit board. 
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At block 770 part of a system and method may be used at 

runtime to ?nish preparing the host controller to interoperate 
With the derived server. Any portion of the previously 
discussed systems and methods may be used. In one 
embodiment, the base and derived servers are COM servers 
and the system and method may include: (1) copying the 
derived COM server to the directory containing the base 
COM server, (2) changing the name of the derived COM 
server to the name of the base COM server. Other variations 
that either Would be obvious to one of ordinary skill in the 
art or that have previously been mentioned may also be used 
as part of the system and method. 
At block 780 the derived server is used in place of the base 

server to test the circuit board. In one embodiment, a host 
controller uses instructions to interoperate With the modi?ed 
derived COM server through accessing interfaces having 
UUIDs previously associated With the base COM server and 
registered in a particular directory. The actual testing of the 
unit is not a limitation of the present invention. Atypical test 
for a unit under test might include poWering up the unit, one 
or more pretests (e.g., boundary scan tests), sending and 
receiving data betWeen the host controller, one or more 
derived servers, and the unit under test (this data may 
involve measuring the poWer or current sent and or received 
from the unit under test), poWering doWn the unit under test, 
ejecting the unit or otherWise providing an indication that 
the unit has completed the test, and sending information 
associated With the test to a memory, such as a factory 
database. The test control COM server may send and receive 
data, and may accept, process or execute requests from the 
unit under test including controlling test instrumentation. 

At block 790 results are obtained based upon the test. In 
one embodiment, the results may include information indict 
ing Whether the unit has any detectable defects. These results 
may be used to perform either additional testing (e.g., to 
determine the precise defect at the component level), to 
update manufacturing statistics (e.g., location and cause of 
the fault may also be recoded along With serial number and 
unit type), and optionally to attempt to repair defective 
sections of the circuit. Troubleshooting and process 
improvements may also be based upon test results and 
statistics. 
System for Testing Circuit Boards According to One 
Embodiment 

FIG. 8 shoWs an exemplary test system 801 that generally 
characteriZes but does not limit the scope of certain embodi 
ments of the present invention. FIG. 8 shoWs a host con 
troller 800 connected With a factory database server 810, a 
factory test server 820, a data input device 830, a data output 
device 840, test instrumentation 850, system cable 860, test 
interface unit #1 870, test interface unit #2 880, and test 
interface unit #n 890. Test interface unit #1 870 includes 
frontpanel controls 872, mechanical actuator 874, test ?xture 
876, and unit under test 878. 
The factory database server 810 may be used to maintain 

a database containing data associated With a unit, such as a 
circuit board. For example, for a given unit the database may 
include a unique identi?er for the unit, data representing the 
type of unit, a time and place of manufacture of the unit, data 
from previous testing of the unit, data associating the unit 
With a particular manufacturing batch, marketing data for the 
unit, statistics such as quality control information for the unit 
and for the type of unit (e.g., fault frequency data for a 
circuit type), and other data. In one embodiment, the factory 
database server 810 may include data that alloWs a unit or a 
type of unit to be associated With one or more servers to be 
used in conjunction With testing of the unit or a unit of the 
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given type. For example, the data input device 830 may 
accept a serial number for a unit, the serial number corre 
sponding to a particular to be performed and associated With 
a particular COM server. Factory database server 810 may 
include any type of database or enterprise management 
softWare. 

The factory database server is connected to the factory 
test server 820 and the host controller 800 by a communi 
cation link. In one embodiment, the connection may be an 
Ethernet connection. HoWever, any connection that alloWs 
data, such as a unique identi?er or test performance data to 
be communicated from the host controller 800 to the factory 
database server 810, or the reverse of this communication, 
may also be used. 

The factory test server 820 may be used to store test 
softWare and test data from one or more test interface units. 

In one embodiment, the factory test server 820 may contain 
a plurality of potential servers or COM servers to be used to 
test circuit boards. The factory test server 820 may also 
include data that alloWs a unit or a type of unit to be 
associated With one or more servers (e.g., COM servers) that 
may be used to test the unit. For example, the data input 
device 830 may accept a unique identi?er (e.g., serial 
number) for a unit, the unique identi?er corresponding to a 
particular test to be performed and associated With a par 
ticular COM server. In one embodiment, the factory test 
server 820 is connected to the factory database server 810 
and the computer system 805 containing the host controller 
800. In one embodiment, the connection may be an Ethernet 
connection. HoWever, any connection that alloWs data, such 
as COM servers to be used in testing the unit, to be copied 
or accessed by the host controller 800, and that allows a 
unique identi?er to be communicated to the factory test 
server may also be used. The factory test server 820 may 
also have a communication link to external resources 807 
that alloWs data to be sent or received from computer 
systems external to test system 801. For example, the link 
may provide a means of exchanging information With exter 
nal computer systems also connected by a link to an Intranet 
or the Internet. Any hardWare link or Wireless link or any 
other link that alloWs data to be exchanged betWeen test 
system 801 and an external computer system may be used. 

The host controller is located on computer system 805 and 
fully or partly controls test system 801, including hardWare 
and other softWare, and collects and manages test data. 
Computer system 805 is not a limitation of the present 
invention and refers to the computer system shoWn and 
discussed in FIG. 6. In one embodiment, the host controller 
controls and manages many of the operations associated 
With the testing of units. The host controller 800 is able to 
call functions associated With the base server, for example 
those listed in an IDL ?le of a base COM server. For 
example, the host controller 800 may control the test instru 
mentation 850 (e.g., poWering up the unit under test). The 
host controller 800 may request data from the factory test 
server 820 (e.g., a COM server to test a unit) and read or 
Write data to or from the factory database server 810. The 
host controller 800 may include sequences of instructions 
for performing calculations on the data received from test 
interface unit #1 870. The host controller may optionally 
have a debut mode to alloW a test developer to develop and 
debug a test in real time. In one embodiment, the host 
controller 800 may be universal, meaning that it may inter 
face With any test suite, control any test system hardWare, 
and communicate With any factory database system. In one 
embodiment, the host controller 800 may also have a sepa 
rate communication path 895 With the unit under test 878. 
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For example, the communication path 895 may be an 
RS232/USB bus or equivalent. 
The host controller 800 is connected to the data input 

device 830 and the data output device 840. Data input device 
830 and data output device 840 may be any existing or future 
device that alloWs data entry to or retrieval of data or 
information from computer system 805. The data entry or 
retrieval may be directly to or from computer system 805 or 
may be indirect (e. g., through data entry at test interface unit 
#1 870). The data output device may be any existing or 
future device that alloWs data or information retrieval from 
computer system 805, directly or indirectly. The data output 
device 840 of one embodiment is a graphical user interface 
that a test operator may use to receive testing status or test 
results for a unit under test. In one embodiment, the user Will 
be able to use the data input device 830 and output device 
840 to obtain results of previous tests, such as the results that 
may be stored in the factory database server 810. Reports 
summariZing past tests for units may also be requested and 
output through data input device 830 and data output device 
840. 

In one embodiment, the data input device may be a device 
for reading a barcode, such as a laser-based bar code reader. 
The barcode scanner may retrieve information indicating a 
serial number or unit type. For example, a laser or other 
scanner may scan a bar code to determine the serial number 
identifying a given circuit board. The bar code may also 
contain a product code for the circuit board, or the serial 
number may alloW the determination of the product code 
and information regarding the testing to be performed for the 
given circuit board from a database. In one embodiment, the 
barcode reader communicates to the computer system 805 
by an electrical signal connection such as a RS232, USB, 
GPIB, or PCI connection. 

Test instrumentation 850 is connected to the computer 
system 805 and includes test instruments that may be used 
to in conjunction With controlling the mechanical actuator 
874, poWering the test interface unit #1 870, poWering the 
unit under test 878, providing stimulus to the unit under test 
878 as directed by the host controller 800, reading response 
from the unit under test 878, monitoring the test system for 
potential haZardous conditions, shutting doWn a portion of 
test system 801 upon the detection of a haZardous condition, 
and responding to data input by the test operator, such as 
data input at the data input device 830 or frontpanel controls 
872. In one embodiment, the computer system 805 may be 
connected to the test instrumentation 850 via one or more 

electrical connections, such as an RS232, USB, GPIB, or 
PCI bus. 
A cable map may be used to de?ne the mapping of all 

electrical connections betWeen the test instrumentation and 
the test interface unit at run time. In one embodiment, the 
cable map may be a ?le such as a text ?le that may be 
consulted to obtain de?ning information for a particular 
cable or electrical connection. De?ning information may 
include signal name, test instrument name, test instrument 
connection (e.g. channel or pin), send address, channel, and 
pertinent parameters of the signal and the test instrument 
that it is connected to. In one embodiment, the host con 
troller or the base or derived servers may access the cable 

map to obtain de?ning information, so that When the de?n 
ing parameters need to be changed, the host controller or 
servers do not need to be changed, just the cable map text 
?le. In this Way the cable map may assist in developing a test 
system COM server, test control COM server, factory data 
base COM server, and front panel COM server. 

Test interface unit #1 870 includes frontpanel controls 
872, mechanical actuator 874, test ?xture 876, and unit 
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under test 878. In one embodiment, the test interface unit 
may also include software and processing capability that 
allows test interface unit #1 to partly or fully operate based 
on simpli?ed control directions received from the host 
controller 800. The frontpanel controls 872 may alloW data 
input by the test operator. For example, the frontpanel may 
alloW the test operator to start the test. The mechanical 
actuator 874 automatically inserts a unit into the test ?xture 
876. The test ?xture 876 includes an electrical connection 
With the unit under test 878. For example, the test ?xture 876 
may include an electrical connection to a processor or 
circuits debug port, Which gives access to the circuits 
built-in test features. In one embodiment, the electrical 
connection may be an electrical connection to stimulate the 
circuit board With a binary test sequence or involve a PCI 
card. The electrical connection may also alloW component 
level testing and involve a logic probe, oscilloscope, or the 
equivalent. The unit under test 878 is a unit that is to be 
tested by the test interface unit #1 870. In one embodiment, 
the unit under test is a circuit board. The test interface unit 
#1 is connected to the test instrumentation 850 by the system 
cable 860. In one embodiment, system cable 860 has been 
custom designed for the test interface unit 870. In other 
embodiments, standard electrical connections are possible. 
In one embodiment, the test interface unit #1 870 or test 
?xture 876 may be able to indicate to the host controller 800 
that a unit has been inserted in the test ?xture or request that 
a unit be placed in the test ?xture 876, for example by 
displaying an indication of preparedness on a graphical user 
interface. 
As stated above, many variations of the test system 801 

are contemplated that do not deviate from the true scope of 
the present invention. One embodiment may not need one or 
more of the factory database server 810, the factory test 
server 820, the data input device 830, the data output device 
840, the system cable 860, the frontpanel controls 872, the 
mechanical actuator 874, the test interface unit #2 880, or the 
test interface unit #n 890. For example, the mechanical 
actuator may not be needed if an operator is to insert a circuit 
board into the test ?xture. Also, the frontpanel controls may 
not be needed, since testing may be automatically started 
and stopped by the client upon insertion of a circuit board 
into the test ?xture 876. 

Another variation may have the data input device 830 or 
data output device 840 connected to test interface unit #1 
870 rather than connected directly to the host controller 800. 
This may alloW the particular test results for test interface 
unit #1 870 to be displayed locally. For example, in one 
embodiment, the unit under test 878 may be placed into the 
test ?xture 876 and the data input device 830, Which may be 
a barcode scanner, may automatically read a barcode on the 
unit under test 878, so that subsequent testing may be 
customiZed to the particular unit under test 878. 

Although the factory database server 810 and the factory 
test server 820 are shoWn as separate entities, Which may 
offer advantages to large manufacturing facilities such as 
information security, other embodiments alloW the factory 
database server 810 to be combined With one or more of the 
factory test server 820 or the computer system 805. The 
physical location of the softWare and data associated With 
the factory database server 810 is not a limitation of the 
present invention. In one embodiment, it may be possible to 
locate an item of softWare having certain of the functions 
associated With the factory database server (e.g., such as 
containing data associated With one ore more circuit boards) 
or locate an item of softWare having certain of the functions 
associated With the factory test server 820 (e.g., such as test 
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softWare and test data) on the computer system 805 con 
taining the host controller 800. For example, the test soft 
Ware and test data may be located on the computer system 
805. 

Another variation may alloW the computer system 805 to 
communicate directly to the factory database server 810 
rather than indirectly through the factory test server 820. 
Although this may not be preferred, since it may increase the 
risk of failure or reduce the security of con?dential infor 
mation. 
One embodiment of the invention only requires the host 

controller 800 and the computer system 805. For example, 
the host controller 800 may be used as a simulator for the 
testing of circuit boards for training or development pur 
poses. Accordingly, the host controller 800 may be located 
on computer system 805 With a data output device 840 for 
interacting With a computer user. The test instrumentation 
850, test ?xture 876 and others may or may not be present. 
The invention is not limited to the particular Way that the 

system and method is implemented using objects, servers, 
and functionality, since this is an implementation detail 
affected by speci?cs. HoWever, in one embodiment, each 
major hardWare component has a corresponding softWare 
object or server to control its functionality or communicate 
With it. Also, frequently .dll-extension and h-extension ?les 
may be available from an instrument manufacturer and may 
be incorporated. Certain embodiments may also include the 
development of a class factory to enable testing on multiple 
instruments of the same kind. 

Accordingly, systems and methods according to certain 
embodiments of the invention provide universality and 
changeability to host controllers for testing circuit boards. 
This provides a number of advantages. A ?rst advantage is 
reduced time to develop and change the softWare to control 
a test system, since the system and method is more 
changeable, and neW functionality may be isolated and 
separately modi?ed. A second advantage is that operators 
and test developers only need to learn the use of one host 
controller instead of many, since the host controller may be 
developed in a more universal softWare environment. Athird 
advantage is that the level of support of the softWare 
decreases, since different host controllers do not have to be 
developed and supported for each type of test system. 

Certain embodiments of the invention may also be used to 
test any type of manufactured unit. For example, the system 
and method may be used to test various electronic or 
mechanical systems associated With automobiles, electronic 
devices (e.g., telephones, radios, televisions, photocopiers, 
printers), satellites, and other devices. The system and 
method may also be used in a manufacturing environment 
Where the testing may involve Weighing a product (such as 
bottled beverages) or otherWise testing for manufacturing 
conformity. Accordingly, in some embodiments, the system 
and method discussed above may be modi?ed by one of 
ordinary skill in the art to perform testing of a Wide variety 
of units other than circuit boards. 

In conclusion, embodiments of the present invention 
provide a system and method for improving the testing of 
circuit boards. More speci?cally, embodiments of the inven 
tion provide a system and method for alloWing an applica 
tion for controlling circuit board testing to interoperate With 
and obtain a result from a derived server having a ?rst 
functionality based on an existing relationship betWeen the 
client and a base server having a second functionality. 

In the foregoing speci?cation, the invention has been 
described With reference to speci?c embodiments thereof. It 
Will, hoWever, be evident that various modi?cations and 






